Morphological parameters comprising length-weight relationships (LWRs), sex ratio, condition factor (KF) and allometric growth of paradise threadfin, Polynemus paradiseus from the southern coast of Bangladesh were estimated. A total of 221 specimens were collected with the help of local fishermen ranging size 8.30-13.70 cm standard length (SL) and 11.64-50.67 g body weight (BW) during the period of January to October, 2104. The overall sex ratio of the samples did not reveal significant variation from the expected value of 1:1 (male: female=1:0.99, χ 2 =0.004, P < 0.05). Length-frequency distribution revealed a size predominance of males over females, where mean variation of males consistently exceeded that of females throughout the year. The allometric coefficient b of LWR significantly deviated from 3 indicating allometric growth in males and females. The analysis of covariance (ANCOVA) showed significant differences in slope and intercept between the sexes (P < 0.001). KF by month in both sexes indicating the fishes were thriving very well in the coast of Bangladesh. This study reports the first findings regarding the LWRs, sex ratio and KF of Polynemus paradiseus in the coastal waters of Bangladesh.
Introduction
The coastal rivers and estuaries of the southern Bangladesh are categorized by high level of commercial fish catch have direct contribution to the national economy of the country [1] [2] [3] . Like other commercial species, paradise threadfin Polynemus paradiseus is one the vital component of estuaries and Bay of Bengal fishery in Bangladesh commonly known as threadfin fish [4, 5] . This species is available in the Indian subcontinent including Bangladesh, India, Pakistan, Sri Lanka and also reported in Indo-pacific ocean confluence of the Bay of Bengal [5, 6] . It has an increasingly commercial importance in southern coastal regions of Bangladesh because of its nutritional value and placed as important food item next to importance of Hilsa fishery [5] . In spite of having great economic value, the abundance of fish is declining in Bangladesh due to over exploitation, pollutions, habitat loss and other ecological changes to its habitat [7] [8] [9] [10] [11] .
Length-weight relationship plays a vital role in the field of fish biology, physiology, ecology, fisheries assessment and fish conservation [3, 12] . It is considered an essential tool in the studies of fish stock assessment and management of fisheries resources [13, 14] . Life-history traits as sex ratio, length-frequency distribution (LFD), length weight relationships (LWRs), and relative-condition factor (K) are generally less known for tropical and subtropical finfish species [15] although this knowledge can be utilized to convert growth-in-length equations to growth-in weight in stock assessment models [16] [17] [18] , population biomass estimation [16] and fish condition [19] . Few studies have been carried out in different aspects as biology, breeding and nutritional quality of this species but knowledge on length-weight relationships and condition factor of the P. paradiseus is not available of this species. Therefore, this article is the first complete and comprehensive description of the LFD, LWRs, sex ratio, K F and allometric growth of P. paradiseus from the coastal waters of Bangladesh in order to provide sufficient data and information for the sustainable management of the species.
Materials and Methods
The specimens were collected from eight stations of the Payra River located in the southern coastal region of Bangladesh (Figure 1 ) with the help of fishermen during January-October 2014. Water temperature was also recorded monthly at each sampling. The collected specimens were preserved with ice and transferred to the laboratory prior to analysis. The standard length (SL) of this species was measured to the nearest 1 cm using a measuring scale, while body weight (BW) was recorded using a digital balance (Shimadzu, EB-430DW, Japan) to 0.01 g accuracy.
Calculations of length-weight data was done separately and also combined using the conventional formula described by as W = a L b where, W is the total weight (expressed in g), L is the standard length (expressed in cm), a is a coefficient related to body form and b is an exponent indicating isometric growth when equal to 3 and indicating allometric growth when significantly different from 3 [20] . The parameters a and b were calculated using linear regression analysis equation based on natural log equations of the relationship between BW and SL as follows: ln (W) = ln (a) + b ln (L). Following formula was used for the calculation of condition factors (K) of individual fish species for each month using the expression as K = (W ⁄ L 3 ) × 100 for both monthly and in terms of size (SL in cm) class.
The form factor (a 3.0 ) which was calculated for P. paradiseus using the equation given by Froese [21] as: a 3.0 = 10 log a -s (b-3) , where a and b are regression parameters of LWR, and S is the regression slope of log a vs. b. A mean slope S = -1.358 Froese [21] was used for estimating the form factor during this study because information on LWRs is not available for this species for estimation of the regression (S) of ln a vs b. Statistical analysis was performed with SPSS Version 15.0 software package SPSS Inc. 2004.
Results
A total of 221 specimens were collected of which 50.22% were males and 49.77% were females. The overall sex ratio did not show significant difference from the expected value of 1:1 (male: female = 1:0.99, χ 2 = 0.004) ( Figure 2 ).
The SL of the specimen varied between 8.90-13.70 cm for males and 8.30-13.60 cm for females while BW was ranged between 15.00-50.67 g and 11.64-44.73 g for males and females, respectively. The SL-frequency distribution showed that the males and females of P. paradiseus were not normality distributed (P < 0.001) in the southern coastal waters of Bangladesh ( Figure 3 ). The calculated regression parameter b based on relationships between SL and BW indicated negative allometric growth both in males and females for all sample size. There was significant difference observed for both slope (b) and intercept (a) between sexes (P < 0.001) (Figures 4 and 5) . The estimated allometric coefficients monthly varied between 2.07-3.38 in males and between 2.22-3.54 in females of P. paradiseus during the entire study period. Values of determination coefficients were less than 0.9, therefore, it was highly insignificant (P < 0.05).
Condition factor (K F ) of P. paradiseus in different months is shown in (Table 1 ). The K F value of males was varied from 1.82 to 2.23 and 1.80 to 2.05 in males and females, respectively. The monthly highest K F was found in April at 9.40 to 12.70 cm length group with a mean of 2.225 ± 0.053 and lowest in July at 8.90 to 11.80 cm length group with a mean of 1.830 ± 0.073 while the highest K F value for females was found in May at 8.30 to 10.30 cm length group with a mean of 2.054 ± 0.066 and lowest in August at 9.20 to 12.70 cm length group with a mean of 1.802 ± 0.057. The highest K F value for males is higher than that in females in majority of the months except July. (Figure 6 ) revealed that the overall K F value of male population was comparatively higher than the female population.
Monthly variations of water temperature along the southern coast of Bangladesh are shown in (Figure 7) . The low temperature was observed in January with increasing gradually at beginning of February and remained high from April to October and thereafter started to decrease gradually until December.
Discussion
Taxonomic studies of this fish have been carried out by Chaklader et al. [5] presented the diversity and standard measurements of male and female fishes. The length-weight relationship, condition factor and form factor are recorded for the first time. Female to male ratio vary between 1:1 and 1:1.3 in a typical population reported by Hossain et al. [22] . For most aquatic animals, deviation from a 1:1 sex ratio is not expected but some finfish and prawn populations may shows a strong bias in this ratio [23] . The overall monthly sex ratio was found to be slightly in favor of male and it was revealed that male and female equally presented in most of the months except January, February and August when male was predominant over female but female was predominant male in June and October. In the present study, the overall male and female sex ratio was 1:0.99 in the coastal waters which did not differ significantly from the expected value of 1:1. Sex ratio variations may be influenced by reproduction, growth and longevity of a species [24] .
The monthly size-frequency distributions indicated that there were more than one size groups found to be present in each month for both sexes. The size predominance in female is a common feature reported by several studies [25] . Numerous factors, such as physiological changes influenced by temperature change, feeding regime and reproductive cycle might be responsible for size difference between male and female [26] . Besides, traditional fishers used numerous types of fishing gear with various mesh sizes leading to the selectivity of target species which may greatly influence the size distribution of the individuals caught resulting in highly biased estimations of the various population parameters including the maximum size [22] .
In this study, the b values for male, female and combined gender of P. paradiseus were found as 2.66, 2.82 and 2.80, respectively indicating negative allometric growth of P. paradiseus in the coastal waters i.e., fish gets slimmer with increasing length [27] . It is widely recognized that a number of factors including growth phase, sex, seasons, food (quantity, quality and size), stage of maturity and health and general fish condition, preservation techniques and differences in the observed length ranges of the specimen caught are known to influence the length-weight relationship in fish [28] all of which were not accounted in the present study.
Condition factor is an index reflecting interactions between biotic and abiotic factors in the physiological condition of the fishes indicating the well-being of the population during various life cycle stages [21] . In the present study, the K F values of P. paradiseus was highest in April for males and May for females respectively, whilst the lowest was in July for males and August for females ( Table 1 ). The monthly mean K F values were always above 1 and no major variation was found in different length groups. Le Cren [29] , reported that K F values greater than 1 indicates good general condition of the fish whereas values less than 1 denotes the reverse condition. It is clearly indicated that the growth pattern of the fish was ideal in the study areas. In general, the seasonal cycle is related with the condition of fishes suggested a relationship with gonadal development. Since the paradise threadfin spawns in March to June [5] , the highest K F was found that month for both male and female [30] pointed out that the condition factor was constant during the pre-spawning period, decreased in the period of spawning and was lowest immediately after spawning in case of silver hatchet chela, Chela cachius (Hamilton 1822). K F values are generally influenced by the changing of seasons, amount of food supply, and maturity of gonads [31] . Fluctuation of water temperature occurred in all month and optimum range (20) (21) (22) (23) (24) (25) o C) found from April to July during the experimental period shown in (Figure 6 ). K F is strongly influence by both biotic and a biotic environmental conditions and can be used as an index to assess the status of the aquatic ecosystem in which fish live [32] . Several studies stated that the water temperature has considerable importance for controlling spawning of fish [30] . However, no references dealing with the condition factors of the P. paradiseus are available in the coastal waters, preventing the comparison with previous results from the same population.
There are few studies dealing with form factor of fishes available in Bangladeshi waters [33] . Nevertheless, reference concerning the form factor of this species is not available as it is the first study of this species. Therefore, the study provides basic information on some morphological parameters including the sex ratio, LFD, LWRs, condition factor and growth type of P. paradiseus in the southern coastal waters which should be useful for the sustainable management of finfish fishery not only in southern Bangladesh but its whole geographic locations. Yet, more detailed studies should be conducted to answer several questions about body-size range and the spawning periodicity of this finfish fishery.
